Climate services for addressing climate change: Iindication of a climate livable city in China by Yu-Jie, Wang et al.
Journal Pre-proof
Climate services for addressing climate change: Iindication of a climate livable city in
China
Wang Yu-Jie, Chen Yu, Chris Hewitt, Ding Wei-Hua, Song Lian-Chun, Ai Wan-Xiu,




To appear in: Advances in Climate Change Research
Received Date: 10 March 2021
Revised Date: 24 April 2021
Accepted Date: 14 July 2021
Please cite this article as: Yu-Jie, W., Yu, C., Hewitt, C., Wei-Hua, D., Lian-Chun, S., Wan-Xiu, A.,
Zhen-Yu, H., Xiu-Cang, L., Zi-Li, H., Climate services for addressing climate change: Iindication
of a climate livable city in China, Advances in Climate Change Research, https://doi.org/10.1016/
j.accre.2021.07.006.
This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.
Copyright © 2021 National Climate Center (China Meteorological Administration). Publishing services by
Elsevier B.V. on behalf of KeAi Communication Co. Ltd.
1 
 
Climate services for addressing climate change: Iindication of a climate livable city in China 1 
 2 
WANG Yu-Jie1,2, CHEN Yu3, Chris HEWITT4,5, DING Wei-Hua6, SONG Lian-Chun 3, AI Wan-Xiu3, 3 
HAN Zhen-Yu3, LI Xiu-Cang3, HUANG Zi-Li3  4 
 5 
1 Key Laboratory of Meteorological Disaster, Ministry of Education/International Joint Research Laboratory on Climate and 6 
Environment Change/Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing 7 
University of Information Science and Technology, Nanjing, 210044, China 8 
2 School of Atmospheric Sciences, Nanjing University of Information Science and Technology, Nanjing 210044, China 9 
3 National Climate Center, China Meteorological Administration, Beijing, 100081, China 10 
4 Met Office, Exeter EX1 3BP, UK 11 
5 University of Southern Queensland, Toowoomba, Qld 4350, Australia 12 
6 Jiande Meteorological Service, Zhejiang Meteorological Bureau, Hangzhou, 311600, China 13 
 14 
ABSTRACT 15 
China, like many countries, is under great pressure to reduce climate change and adapt to current 16 
situations while simultaneously undertaking economic development and transformation. This study takes 17 
advantage of climate opportunities and provides a new concept and mode of urban climate services in 18 
order to address climate change. Eighteen indicators based on climate and climate-related variables were 19 
used to provide an assessment, in the form of an index, of how livable a city is depending on prevailing 20 
climatic conditions. The resulting index can also be used to investigate how recent and future changes in 21 
the climatic conditions could affect livability. All Chinese cities and regions share the common goals of 22 
promoting low-carbon development, improving resilience against climate change, and integrating 23 
economic growth with climate actions. Climate services have been developed in China to provide 24 
decision-makers this measure of livability. Such a move facilitates sustainable development alongside 25 
economic growth by aiding government efforts in climate adaptation and low-carbon development. Our 26 
approach represents multidisciplinary and demand-driven research on adaptation to and the impacts of 27 
regional climate change, thereby transforming climate science into a climate service and ensuring that 28 
climate information can be provided in a scientific, practical, and customized way for policy-makers. 29 
The outputs can be used locally to take concrete climate actions and integrate climate services into 30 
decision-making processes. 31 
Keywords: Climate services; Addressing climate change; Climate livable city; China 32 
                                                             










1. Introduction 33 
In some ways, the climatic conditions in a given region or locality can be considered natural resources 34 
that shape not only the world’s ecosystems but also humankind’s socioeconomic conditions. Changes to 35 
the climatic conditions have been proven to have visible impacts on ecosystems and socioeconomic 36 
development (IPCC, 2012, 2014a). Our ability to address risks and opportunities related to climate 37 
change is taking on an increasingly important role in our well-being. In order to jointly deal with the 38 
threat of a changing climate, the international community has reached the Paris Agreement, which has 39 
identified long-term goals related to resolving the issues related to climate change. Through this 40 
agreement, modern society is bound to accelerate the transition toward a low-carbon economy (UNFCCC, 41 
2015).  42 
Addressing climate change is not only about reducing greenhouse gases but also taking proactive 43 
measures to adapt to a changing climate and to alleviate the negative effects and key risks of this 44 
phenomenon by better managing and altering human activities (IPCC, 2014a, 2014b). After the signing 45 
of the Paris Agreement, local governments in China now face the urgent task of transforming their 46 
economies toward low-carbon growth. At the same time, they are also facing great pressure to adapt to 47 
climate change. Hence, striving to achieve sustainable development in harmony with the local climatic 48 
conditions (considered in this study as ‘climate resources’”) has become a new driver for local 49 
governments in China. 50 
One essential component of sustainable development is the provision and use of climate information 51 
that can help decision-makers and policy-makers better address climate change (Hewitt et al., 2012; 52 
Vaughan et al., 2014; Brasseur et al., 2016; Lourenco et al., 2016; Hewitt et al., 2017). Climate services 53 
refer to the process in which climate information is obtained and provided with the goal of addressing 54 
the needs of decision-makers and policy-makers. The services aim to better equip society to manage risks 55 
and maximize opportunities brought about by climate change. In recent years, climate services have 56 
attracted significant global attention (Lemos et al., 2012; Vaughan et al., 2014; Brasseur and Gallardo, 57 
2016; Lourenço et al., 2016; Wang et al., 2020). However, only a few studies have investigated the use 58 
of climate information as a resource to support low-carbon and sustainable development through the 59 
maximization of climate opportunities (Peng et al., 2010; Li et al., 2016; Shi et al., 2019; Zheng et al., 60 
2019). 61 
Therefore, in the current study, we use climate-related variables to define a measure—in the form of 62 
an index—of how livable a city is based on prevailing climatic conditions. The proposed livability index 63 
is then used to estimate how recent and future changes in climate conditions affect livability. All Chinese 64 
cities and regions share the common goals of promoting low-carbon development, improving resilience 65 
against climate change, and integrating economic growth with climate actions. In relation to these goals, 66 
climate services have been developed in China to provide this measure of livability to decision-makers. 67 
Such services facilitate sustainable development alongside economic growth by aiding efforts in climate 68 
adaptation and low-carbon development and by investigating how livable cities could be considering 69 
future climatic conditions. The outputs can be used locally to take concrete climate actions as well as 70 
integrate climate services into decision-making. This study also elaborates on China’s experience and 71 










enable climate services to deal with climate change. 73 
2. Indication of climate livable city 74 
2.1 Definition and goals 75 
While there are several important factors affecting how livable a city is, such as natural, social, and 76 
economic factors (Lennard, 1997; Douglass, 2002; Evans, 2002), the current study focuses on climatic 77 
factors. Whether or not the living environment is comfortable is one of the important criteria for 78 
individual and industrial stakeholders to evaluate the livability of cities (Li et al., 2003; Li et al., 2016). 79 
The concept of ‘livability’ here is focused on a city being suitable for human habitation based on 80 
prevalent climatic conditions and other climate-related environmental conditions. In light of climate 81 
change, climate-related indicators of livable cities have attracted increasing attention from scholars in 82 
recent years (Li et al., 2003; Zhu et al., 2014; Scott et al., 2016). Methods for judging the advantages and 83 
disadvantages of climatic conditions include the comprehensive evaluation and climate index methods 84 
(Yan et al., 2013; Li et al., 2016; Shi et al., 2019). 85 
China’s climate livability index for cities is derived from several quantitative assessment indicators, 86 
such as climate risk, climatic conditions, and the ecological environment, and is developed based on 87 
previous studies (Fig. 1). The present study illustrates how essential local climatic conditions can be used 88 
to develop a relatively simple and easy-to-understand index for various stakeholders. The proposed 89 
climate livability index, described below, is provided as a climate service based on the scientific and 90 
authoritative assessment of local climatic conditions and the associated ecological environment. 91 
 92 
Fig. 1 Assessment indicators of a climate livable city 93 
 94 
One important goal of this new climate service is to contribute to addressing climate change by 95 
providing an important measure enabling meteorological departments to help the service recipients 96 
understand the local climate and exploit the climate conditions as a resource. Such a measure can also 97 
help assess how livable the climatic conditions are; promote green, sustainable, and low-carbon 98 
development; and improve adaptation to climate change by raising the awareness of the government, 99 
relevant stakeholders, and the general public. 100 
2.2 Climate livability index 101 
The indicators are related to humans’ physiological and psychological links to climatic conditions (Li 102 










15–25 °C. When the temperature is below 15 °C, the human body would feel cold, whereas when the 104 
temperature exceeds 25 °C, the human body would feel hot (Li et al., 2016). In the proposed index, the 105 
indicators include the number of days per year with suitable temperature (15 °C ≤  daily mean 106 
temperature ≤ 25 °C), the number of days per year with suitable humidity (50% ≤ daily relative humidity 107 
≤ 80%), number of days per year with suitable wind speed (0.3 m s−1 ≤ daily mean wind speed ≤ 3.3 m 108 
s−1), and annual precipitation, precipitation variability coefficient, mean daily temperature range, mean 109 
relative humidity, and mean wind speed. On the basis of the Specification for Climate Resource 110 
Assessment: Climate Livable Town (CMA, 2020), each indicator is divided into the following categories: 111 
‘excellent,’ ‘good,’ and ‘fair’ (Table 1). 112 
Table 1 Indicators used to evaluate a climate livable city 113 
Indicator Sub-indicator Classification of indicator level 
Excellent Good Fair 
Climate 
endowment 
Number of days with a suitable 
temperature (d) 
≥150 [120, 150) <120 
Daily temperature range (°C) [8, 10] [6, 8) or (10, 14] <6 or >14 
Annual precipitation (mm) [800, 
1200] 
[400, 800] or (1200, 
1600] 
<400 or >1600 
Precipitation variability coefficient ≤0.18 (0.18, 0.22] >0.22 
Annual mean relative humidity 
(%) 
[65, 75] [50, 65) or (75, 80] <50 or >80 
Number of days with a moderate 
relative humidity (d) 
≥210 [180, 210) <180 
Annual mean wind speed (ms−1) [1.5, 2.5] [1, 1.5) or (2.5, 3.3] <1 or >3.3 
Number of days with a suitable 
wind speed (d) 
≥300 [240, 300) <240 
Climate risk Number of days with a high 
temperature (d) 
≤3 (3, 15] >15 
Number of cold days (d) ≤5 (5, 60] >60 
Number of days with heavy rain 
(d) 
≤3 (3, 10] >10 
Number of days with a strong 
breeze (d) 










Number of days with sand and dust 
(d) 
≤1 (1, 3] >3 
Number of days with haze (d) ≤1 (1, 10] >10 
Eco-environment Percentage of days with good air 
quality (%) 
≥90 [80, 90) <80 
Percentage of forest cover (%) ≥50 [30, 50) <30 






Water quality Ⅰ Ⅱ Ⅲ 
 114 
The climate livability risk indicates the negative impacts of climate on livability and other possible 115 
hazards. According to the Specification for Surface Meteorological Observation (CMA, 2003), the 116 
numbers of days per year with cold days (daily minimum temperature ≤ −10℃), with heavy rain (daily 117 
precipitation ≥ 50.0 mm), with strong winds (maximum daily wind speed ≥ 10.8 m s−1), with dust 118 
storms and haze, and with uncomfortably high temperature (daily maximum temperature ≥ 35 ℃) are 119 
used as individual indicators to evaluate the climate livability risk of a place. The evaluation levels of 120 
indicators are divided into ‘low,’ ‘medium,’ and ‘high,’ corresponding to the levels of climate-related 121 
suitability for living, namely, ‘excellent,’ ‘good,’ and ‘fair.’ 122 
The climate livability eco-environment indicator is based on water quality and quantity, air quality, 123 
and the amount of forest surrounding the city. Meanwhile, forest coverage, the percentage of days with 124 
good air quality (MEP, 2012), water resources per capita, and water quality of major rivers and lakes are 125 
used as individual indicators to evaluate the climate livability eco-environment of a place. Each indicator 126 
is divided into ‘excellent,’ ‘good,’ and ‘fair.’ 127 
To derive an overall index of climate livability, the numbers of indicators assessed as excellent and 128 
good are calculated for each city considered. Cities are defined as having good livability if they achieve 129 
rates of more than 50% for excellent, and combined good and excellent rates of over 80% (CMA, 2020). 130 
2.3 Data 131 
The 1961–2017 climate observation data from Jiande city, which were used as a case study, were 132 
extracted from the Dataset of Daily Surface Observations Collected at Chinese Surface Meteorological 133 
Stations published by the National Meteorological Information Center of China, Meteorological 134 
Administration (Ren et al., 2012). Data on the PM2.5 concentrations from 2014–2017, as well as water 135 
quality and forest coverage in Jiande for the year 2017, came from the respective local governmental 136 
agencies. 137 
 138 
3. Case study: Jiande city in Zhejiang province 139 
3.1 Assessment of climate livability 140 










service has helped local governments deal with climate change using the climate livability index. Jiande 142 
city (29°12'20°‒29°46′27″N, 118°53′46″‒119°45′51″E), located 108 km away from Hangzhou city, has 143 
geomorphological characteristics of eight mountains, one water, and one farmland. The territory is very 144 
rich in water resources with the presence of the Xin’anjiang Reservoir—the water source of the famous 145 
Nongfu Mountain Spring. In 2017, the Jiande municipal government was the first to ask the National 146 
Climate Center (NCC) for a climate livable city rating. 147 
Based on the method described in Section 2.2, the NCC used observations to assess the 18 indicators, 148 
of which 16 were determined as good to excellent and 10 were excellent (Table 2). Thus, Jiande became 149 
the first city in China to be verified as having good climate conditions for livability in 2018. 150 
Table 2 Climate livable city assessment results for Jiande city, Zhejiang province 151 
Sub-indicator Indicator value Classification 
Suitable temperature days (d) 131.3 Good 
Daily temperature range (°C) 9.5 Excellent 
Annual precipitation (mm) 1580.4 Good 
Precipitation variability coefficient 0.16 Excellent 
Annual mean relative humidity (%) 78.5 Good 
Moderate relative humid days (d) 187.9 Good  
Annual mean wind speed (m s−1) 1.2 Good 
Proper wind speed days (d) 341.5 Excellent 
High temperature days (d) 37.5 Fair 
Cold days (d) 0 Excellent 
Heavy rain days (d) 17.7 Fair 
Strong breeze days (d) 2.1 Excellent 
Sand and dust days (d) 0.2 Excellent 
Haze days (d) 3 Good 
Good air quality days (%) 91 Excellent 
Forest cover percentage (%) 76.2 Excellent 






Jiande has a subtropical humid monsoon climate. Owing to its geographical location and topography, 152 
the city’s climate-related suitability for living is very favorable. In particular, the number of days with 153 










with surrounding cities, especially those in the same latitude, Jiande also has warmer winter and cooler 155 
summer seasons. Furthermore, it has a longer spring as well as winter and summer seasons that come 156 
relatively later. Although high temperatures exist in the summer, thanks to the local effect of the 157 
Xin’anjiang Reservoir on the microclimate, the degree to which daily temperatures vary during this 158 
season remains pleasant (NCC, 2018). Thus, our analysis based on the Meteorological Disasters Database 159 
reveals that Jiande has not been greatly affected by meteorological disasters (Jiao et al., 2015). Moreover, 160 
with the combination of favorable atmospheric conditions for dispersing air pollution and effective 161 
government prevention and control measures, Jiande’s average PM2.5 concentration from 2014–2017 was 162 
just 40.5 μg m−3 and has continued to decrease since then. Furthermore, air quality was excellent and 163 
good in 353 d, accounting for 97% of the year and ranking first in Hangzhou (Fig. 2). The forests 164 
surrounding Jiande in 2017 reached over 176,400 hm2, indicating a forestry cover of 76%, which is 15% 165 
higher than the average for Zhejiang province and 54% higher than the national average for Chinese 166 
cities. There is plenty of surface water in Jiande city, and the water quality of the Xin’anjiang River is 167 
outstanding, having reached the national first-class drinking water standard. 168 
 169 
Fig. 2 Percentage of excellent air quality and PM2.5 concentration in Jiande city, Zhejiang 170 
province from 2014 to 2019 171 
 172 
3.2 Impacts of climate change 173 
Global climate change has impacted many aspects of the human habitat and environment (Scott et al., 174 
2012; Wang et al., 2017; Dube et al., 2018; Yin et al., 2018). In this work, we assess how changes in 175 
climatic conditions affect the climate livability in Jiande by analyzing the observed climate data 176 
throughout the observational period of 1961–2017 (Ren et al., 2012) and the projected future climate 177 
change downscaled to a horizontal resolution of 6.25 km for 1986–2005 (Han et al., 2019). The long-178 










annual precipitation increased at a rate of 46 mm per decade during 1961‒2017 (Fig. 3a–b). As shown in 180 
the corresponding images in Fig. 3c–e, the number of days with suitable humidity, temperature, and the 181 
wind speed increased at a rate of 1.2, 3.9, and 9.3 d per decade, respectively. The numbers of high- and 182 
low-temperature days both decreased at rates of 1.2 and 3.3 d per decade, respectively (Fig. 3f–g), while 183 
the number of days with heavy rains increased at a rate of 0.5 d per decade (Fig. 3h). On the basis of 184 
these results, we can say that, on the one hand, these lead to an increase in the number of comfortable 185 
conditions days, particularly in winter. On the other hand, these can increase heat stress and heavy rainfall 186 
risk during summer. 187 
 188 
Fig. 3 Changes of climate elements and the linear trends in Jiande city, Zhejiang province from 189 
1961 to 2017 190 
Based on the climate change projection data (Han et al., 2019), it is estimated that the average annual 191 
temperatures in Jiande city by 2050 and 2100 could increase by 1.3 °C and 2.2 °C, respectively (Fig. 4a). 192 
The annual precipitation is projected to increase in future periods, but with sizable variability with the 193 
magnitudes not exceeding 6% and 12% by 2080 and after 2080, respectively (Fig. 4b). The projected 194 










Furthermore, in the future, both the extreme high-temperature events and heavy precipitation events are 196 
projected to increase (Fig. 4c–d). Specifically, by 2050, the numbers of tropical nights (TR) and heat 197 
days (HD) are both projected to increase by about 20 d; by 2100, the TR and HD are projected to increase 198 
by 25 and 30 d, respectively.  199 
Similar to the annual precipitation, the changes of extreme precipitation in the future also show 200 
interdecadal fluctuations. The number of very heavy precipitation days (R20) is not projected to change 201 
much before 2080, and the change fluctuates within ±1 d. After 2080, it is projected that there would be 202 
a slight increase in R20 of up to 3 d. The projected maximum 5-d precipitation (Rx5day) shows a rising 203 
long-term trend, increasing from about 15 mm before 2060 to about 40 mm by the end of the 21st century. 204 
All of the above changes are expected to have an impact on the future comfortability of the condition 205 
in the city. Especially, extreme high-temperature and heavy precipitation events could result in more risks 206 
to the livability in Jiande. 207 
 208 
Fig. 4 Projected changes in the area averaged annual (a) mean temperature, (b) precipitation, (c) 209 
tropical nights (TR) and heat days (HD), and (d) R20 and Rx5 d (The values are smoothened by a 210 
9-year running mean. The dash lines indicate linear trends) 211 
 212 
3.3 Effectiveness of the climate service 213 
With the climate service provided by the NCC, Jiande currently has the title of China’s climate livable 214 
city and has been widely hailed by the public as a result. On the day the assessment report was released, 215 
the WeChat news had over 100,000 clicks within an hour 216 
(https://mp.weixin.qq.com/s/ejm8jfXtZq4NkfFT0y5-Cw). In this section, we summarize three positive 217 
impacts of this climate service as an indication of how livable a city’s climatic conditions are. 218 
First, the municipal government has promoted green and low-carbon development in order to fully 219 










‘Livable Jiande’ as the major element, which has been widely applied in stationeries, image promotional 221 
materials, major events, urban landscapes, as well as public buildings and transportation facilities. Since 222 
then, a series of activities with the theme ‘Livable Jiande’ have been conducted to boost the city’s 223 
popularity and reputation and to translate its climatic advantages into economic drivers. After the 224 
attainment of this honor in 2018, for the first time in 2019, over 10 million tourists visited Jiande. This 225 
generated revenues of up to 13.5 billion CNY, up by 24% compared with the previous year, thus 226 
indicating the fastest growth during the past six years. Moreover, due to the favorable climate and 227 
ecological conditions, many green-development projects, such as Huiquan Health and Welfare Center, 228 
Gantan Hualing Health, and Shouchang Hengda Hot Springs Recreation Town, have been established in 229 
Jiande, giving strong impetus to its green economy. 230 
Second, the awareness by the government and the public of climate, ecological, and environmental 231 
issues has been greatly improved. After being officially recognized as a climate livable city, the Jiande 232 
government has continued to assess its favorable climate resources by carrying out research on climate 233 
resources for the tourism and agriculture industries. For example, farmers’ incomes have increased 234 
through the division of regions for the cultivation of Jiande Bao tea 235 
(http://www.jiande.g.,ov.cn/art/2019/2/28/art_1295246_30571195.html). Meanwhile, greater efforts 236 
have been made to protect the environment and safeguard climate livability. Since then, it is considered 237 
that the environment has become more livable after Jiande was granted the honor. In fact, the rate of 238 
excellent and good air quality exceeded 95% in 2018 and 2019, with the annual average PM2.5 239 
concentration of below 30 μg m−3 (Fig. 2). In the realm of urban and rural development planning, greater 240 
consideration is now given to the risks of climate change. Engineering measures have been made to deal 241 
with extreme weather and climate events. 242 
Third, the government has taken initiatives to adapt to climate change by building its response capacity 243 
against disasters due to extreme climate events and implementing enhanced early warning services for 244 
each town in the region. The conclusions and recommendations on climate risks in the assessment report 245 
from NCC, which is part of the climate service, have persuaded Jiande city officials to take measures and 246 
build an ecological and climate monitoring network. Since then, the city now has 69 regional automatic 247 
stations, five negative oxygen ion monitoring stations, one haze monitoring station, and one acid rain 248 
observation station. Furthermore, Jiande has promoted the full coverage of real-time monitoring and early 249 
warning of meteorological disasters as well as encouraged data sharing with monitoring stations 250 
responsible for water conservancy, environmental protection and forestry conservancy. 251 
3.4. Deficiencies of the climate service 252 
The climate service approach has been widely recognized by the society for addressing climate change 253 
and supporting economic transformation and development; furthermore, China’s climate livable city 254 
index meets the needs of local governments to promote low-carbon development and to assess and cope 255 
with climate change (http://www.gov.cn/xinwen/2018-12/18/content_5349824.htm). However, the 256 
climate service approach has the following broad deficiencies, as described below. 257 
First, the Climate Livability Assessment report of Jiande city analyzes the impacts of climate change 258 
on the climate livability in the city from the observed climate changes and future projections. However, 259 










livability indicators based on careful consideration of future regional socioeconomic development 261 
scenarios. For example, will Jiande still be a climate livable city in the future? How will it adapt to the 262 
increased risk of extreme high temperatures and extreme precipitation in the future? These questions 263 
certainly require further investigation. 264 
Second, climate information for use in mitigating risks and enhancing resilience can only be truly 265 
valuable when it is integrated into specific actions to deal with climate change (Asrar et al., 2012). In 266 
other words, climate services should be closely connected with the actual decision-making needs, so that 267 
such services can truly reflect and benefit from the value of climate information being offered. Moreover, 268 
we found that the relevance of climate change research and its usability in decision-making needs to be 269 
improved. For example, the measures for Jiande to adapt to climate change are relatively macro, and the 270 
practical problems are not well targeted, especially in the fields of energy, water resources, agriculture, 271 
and infrastructure construction. This is because there is currently insufficient research and knowledge on 272 
the impact of and adaptation to climate change at the city scale. Thus, this topic requires further study. 273 
Research on regional climate change impacts and adaptation must be strengthened. Moreover, it should 274 
be guided by the improvement of society’s ability to respond to climate change, thus facilitating the 275 
transformation of climate science into climate services for decision-making. 276 
Third, the ability of climate services, especially for urban environments, to respond to issues and 277 
challenges related to climate change must be improved. For example, it is difficult to accurately depict 278 
Jiande’s unique climate resources due to the low resolution of regional climate models and the low 279 
density of climate and environmental observations. Related to this, the scientific evaluation and the 280 
management process for climate livable cities must be further improved. In addition, climate services 281 
must be integrated across disciplines, thereby requiring collaborations among government decision-282 
making agencies, environmentalists, climatologists, sociologists, and economists, particularly in 283 
designing and producing climate services. 284 
4. Summary 285 
China, like many countries, is under great pressure to mitigate and adapt to climate change while 286 
simultaneously striving to achieve economic transformation and development (Chao et al., 2014; Zhai et 287 
al., 2018). As presented in the current study, the different climatic conditions, both at present and in the 288 
future, can translate into varying livability conditions within cities and regions. However, all Chinese 289 
cities and regions share the common goals of promoting low-carbon development, improving resilience 290 
against climate change, and integrating economic growth with climate actions. Related to these, climate 291 
services have been proven to play an essential role in promoting climate change adaptation (Scott et al., 292 
2011; Vaughan et al., 2014). Moreover, they are increasingly used to manage climate risks and seize any 293 
climate-related opportunities to promote sustainable economic and social development (Prokopy et al., 294 
2017).  295 
In today’s rapid development and urbanization against the backdrop of climate change, there is a need 296 
to obtain climate information that is targeted and accessible and can be translated into actionable goals 297 
by relevant decision-makers (Lemos et al., 2012; Hewitt et al., 2017; Rowan et al., 2019). Hence, the 298 
current study provides a demonstration of urban climate services by proposing a new concept and mode 299 










resilience and mitigating climate change. In the current study, the proposed climate livability index 301 
provides a useful illustration of how local climatic conditions can be used to develop a simple and easy-302 
to-use index for a range of interested stakeholders. However, it must be noted that the index has been 303 
developed for China. Thus, countries with different climatic and socioeconomic conditions may need to 304 
develop and define their own criteria for climate livability that are suitable to their particular conditions. 305 
Moreover, further works should also consider other factors, such as outdoor thermal comfort, human bio 306 
climates, the potential of people to acclimatize, as well as other socioeconomic factors affecting livability. 307 
Therefore, the proposed indicators are just a preliminary step and require further improvement. 308 
Finally, the climate services can popularize scientific knowledge on climate change, enhance the whole 309 
society’s awareness of climate change, promote interdisciplinary integration, strengthen communication 310 
with users in order to understand their needs and gain their feedback, and improve the relevance and 311 
usability of climate services. We believe that scientific, readily available, and tailor-made climate services 312 
will greatly improve the link between climate information and government decisions. 313 
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